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The EMerald Solution




ET & EM

Einstein Telescope & EMerald Geomodelling

Introducing how to manage Geological risk and uncertainty
Airborne Geoscanning — what is it?

Bedrock surface — where is it?

Identifying and volumetrically estimating soil types
ldentifying boundaries and weakness zones in bedrock
Summary — benefits, opportunities and limitations

ET — tell us your challenges




How 1o reduce risk?

Cover the whole project area Direct extraction of volumes

Show the (physical) properties of the
material




The missing link

Cost & Time Coverage high & 3D
Coverage low Complex




%" The tech behind EMerald

Geophysical End user

Machine
learning

Geotechnical Project

data ! ! Consultant
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Fundamentals Soil / Rock Soil types Rock types
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= Difference in resistivity for different Earth materials

Sediment resistivity (Q-m)
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Rock resistivity (Q-m)
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I Magmatic and metamorphic
rocks




0 A) Conceptual model
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Machine
learning

r Probability
brittle
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Soil / Rock Soil types Rock types




Existing Boreholes

CLUSTER_ID

Comparison of data counts by Cluster ID

® Deep sediments

» Shallower sediments
e Outcropping rock

e Very deep sediments

Lauwtangen

Haugland

Sket

Hamran

L undan

Kvithammal




= 3D resistivity model

» Drilled to bedrock

» Bedrock surface
shaded by certainty




“We will save up to 30 percent |

of the ground investigation costs” !

Kari Charlotte
Sellgren

Technical Lead
Tunneling

Nye Veier
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Topography

Only boreholes

First ANN model
Second ANN model
Geotechnical drillings

Courtesy A.K. Lund, NGI 2020




"Elevation (m)

100s boreholes versus
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«—Triangulated boreholes

«=|ntegrated model

Number of boreholes

Drillings per square km

IEIs[S148  Drillings  Combined
Accuracy e}, method

60 % 3-8 0.3-04

30 % 7 -10 2-8




Boreholes only

Did not reach bedrock:

Depth (m)

Assumed bedrock-

Boreholes

Confirmed bedrock-

Difference (m)
-15.

Depth (m)







Soil types Rock types
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remoulded shear strength (kPa)
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Probability of brittle clay
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= Alum shale
risk management

Limestone
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Geophysics

Lithology

Combined Output
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pid

= Quantified uncertainty
* Dynamic ground model

Price
Acquisition

Reporting

X *1.000 000 S

Weeks to months

Airborne
X * 100000 S
Days to week

Dynamic




Can fly almost everywhere = Couplings to infrastructure

Steep terrain Powerlines

Dense forest Major roads

Snhow cover Habited areas

»  Flight weather

Private land Heavy wind, fog
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Geological Assessment of Representative
Rocks within ET-Project  Boundary Conditions

Density 2.32g/em? =

Porosity 18.7 % . Soft rock to damp ambient s
o, W g

E-Modul 23 GPa
ucs 104 MPa
9 MPa l Formation

4309 m/s

L

% Hard rock to host ET subsurface cavern

ET subsurface cavern |

Ambient noise in the subsurface ]

Density 2.64 g/cm* 119 MPa
Porosity 45% 15 MPa
P-Wave-V. 5160 m/s E-Modul 25 GPa

(Zinser, 2021) =
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We have merged the lithologic information from pu 270 T -
satellite images) and added new data collected in the fic.a. e




EM Emerald-geomodelling.com

Geomodelling




